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SAM Webinars 2017

e Qverview of New Industrial Process Heat and CSP
Capabilities, May 17

* Modeling Molten Salt Power Tower Systems, May 18

e Electricity Rates and Monthly Bill Savings for
Residential and Commercial Projects, June 1

 Modeling PV-Battery Systems, July 13
e Sizing Photovoltaic Systems, August 10
* SAM Open Source, September 21
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Registration Links and Webinar Recordings
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%2 Webinars and Round Ta- X
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Webinars and Round Tables

published by Paul Gilman on Thu, 2015-05-21 14:51
Webinars

SAM webinars are one-hour lectures with question and answer sessions that cover various topics about SAM. All webinars are free and start at 2 pm Mountain. To
register for a webinar, click its name in the following list.

Overview of Mew Industrial Process Heat and CSP Capabilities, Wed May 17 2017

Modeling Molten Salt Power Tower Systems, Thu May 18 2017

Electricity Rates and Monthly Bill Savings for Residential and Commercial Projects, Thu Jun 1, 2017
Modeling PV-Battery Systems, Thu Jul 13 2017

Sizing Photovoltaic Systems, Thu Aug 10 2017

SAM Open Source, Thu Sep 21 2017

Round Tables
SAM round tables are 30-minute informal discussions online with the SAM team.
Round table registration (January - June 2017): Free, every other Thursday at 2:30 pm Mountain Time.
Recordings of Past Webinars
Video recordings and presentation materials are available for the following webinars.
2016 Webinars
Modeling a Photovoltaic Battery System in SAM 2016.3.14 h tt . | b -
Modeling a Residential Photovoltaic System in SAM 2016.3.14 pS . Sa I I I [ n re (] gov We I n a rS

SAM Demonstration in Spanish, June 2016

2015 Webinars

Battery Storage for Photovoltaic Systems, Sep 2015 -
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* Overview of SAM’s PV-Battery model

 New features
o DC Connected batteries
o Utility-scale PV-battery systems
o Simple battery model for PVWatts
o Automated dispatch improvements
* Demo

* Q&A
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System Advisor Model (SAM)

SAM is free software for modeling
the performance and economics of
renewable energy projects.

http://sam.nrel.gov

Developed by NREL with
—— funding from DOE

TN Tt Sawghe Swrrey

s | | “|  « Windows, OSX, and Linux
Modue TN o A aca Sytem Sroduon roject Aler-tax Cauh o :
v Areust energy 37,200 902 kAR

Iverter f::“ ,: '.:.:L.vm f::mw e

System Design Pefarmance ratio 032 , o0 .
iz el * One or two new versions

Shading it arpr, el M -
Levelond PPA price (nomunal) 11,00 £/kWh ;‘:.-a ¢ o g™

L 5 Levebzed cost (norwnsl] 10,43 /W - -

s e s e o per year

System Costs Woternal rate of retum (FR) 1100 % 9

: Yew RE & achieved 20 year et s

Degradation RR st end of anshysis peied 128 %
Wesal cont 41172380

I | e : * Software Development
b §0.47.5% THF NG I PP LS e

Time of Delvery Factors Debe 0,20042 . S : i um »2 o .
=t Kit (SDK)

Incentives

Depreciaton nergy Loss

* Support

- Help system

- Documents on website
- Online forum

SAM is planned to be released as an open-source - Contact form on website
project in the next few weeks!
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PV System Modeling in SAM

SAM 2016.3.14

Choose a performance model, and then choose from the available financial models.

. Residential (distributed) ¥

File v @Add E

Phetovoltaic, Commercial

Photovoltaic (PVWatts) m

High concentration PV
Wind

Third party ownership

PPA single owner (utility) Location and Resource

Biomass combustion PPA partnership flip with debt (urilif| Modue

Geothermal PPA partnership flip without debt ({| '1VeTe"

System Design

Solar water heating PPA sale leaseback (utility)

Shading and Snow

Download a weather file from the NREL NSRDB

Click Download and type a street address or latitude and longitude to download a

weather file from the NREL NSRDE for United States and some international locations,
SAM adds the downloaded file to the solar resource library so it will appear in the list
below.

MNSRDB Map

rChoose a weather file from the solar resource library

Click a name in the list to choose a file from the library. Type a few letters of the name in the search box to filter the list. If your location is not in the library, try
downloading a file (see above).

Generic system LCOE calculator (FCR method) Search for |[Mame v
. . - . Losses Mame Station ID Latitude Longitude Timezone Elevation »
CSP parabolic trough (physical No financial model
P gh (physical) USA AZ Grand Canyen Nat! P (TMY3) 723783 3595 11215 7 2065
. .. Lifetime - E
CSP parabolic trough (empirical) USA AZ Kingman (amos) (TMY3) 723700 35.267 11395 7 1033
: . USA AZ Luke Afb (TIY3) 722785 3355 112367 7 331
attery Storage R E
CSP power tower molten salt ry g USA AZ Page Muni (amos) (TMV3) 723710 36,933 11145 7 1304
USA AZ Phoenix (TMY2) 23183 334333 112017 7 339
CSP power tower d”—ect Steam Sy5tem COSTS I(IQA AT Dhneniv Sl Harhor Intl An (TRAVY 723780 22 A5 -111 GR2 -7 237 ™ v

. Financial Parameters
CSP linear Fresnel molten salt

. . Incentives
CSP lingar Fresnel direct steam

Electricity Rates

CSP dish Stirling

Electric Load

Simulate >

Key inputs:

Parametrics

P50 / PG0O Macros

Clty| Phoenix

Time zone GMT -7

Tools
33.4333°N
Latitude I—‘ ,T‘

Refresh library

Country Data Source| TMY2 Station ID| 23183 ‘

Folder settings...

Data file| CASAM\2016.3.14.1T\solar_resource\USA AZ Phoenix (TMY2).csv || openlibraryfolder..

~Annual Weather Data Y

Global herizontal KWh/m'/day
Drectrome ) —
Diffuse horizontal KWh/m'/day

PU— <
PURT— -
Maximum snow depth |:| cm  Visit SAM weather data website

rUse a specific weather file on disk

|

Check the box and click Browse to choose a weather file stored on your computer without adding it to the solar resource library.
Supparted solar weather file formats are SAM CSV, TMY2, TMY3, and EPW,

Browse...

Solar resource data:
PV modules:
System design:
Single-year vs lifetime: Select lifetime

NSRDB (via ‘Download’ button), TMY2, TMY3
Simple efficiency, Single-diode, or Sandia models
Configure system size, type, and orientation

mode to run full model in all years
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Battery Model Overview

e Techno-economic model for
behind-the-meter and front-

of-meter scenarios. . ‘ s Tox ooy e

o Lead acid & lithium ion Battery replacements
result in additional costs

battery chemistries

o System lifetime analysis i S—T N[
including battery
replacement costs

o Models for terminal voltage, T Voltagepiscarge
capacity, temperature

o Multiple dispatch controllers
available

Il L 1 L | L 1 L 1 L I
0 20 40 &0 0 100
Depth of Discharge (%)
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POWER (kW)

Behind-the-meter storage

PV Self-Consumption

[[] chargeBatteries  [] Dischorge Batteries

+ LOAD
PV
b
.
| [ I I I |
12 4 a 12 4 B 12
AM  AM AM  PM PM PM PM

Batteries charged primarily
from PV eligible for Federal
ITC subject to 75% cliff

End of NEM in some states
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Cost per kWh

Time of Use Optimization

B o [ Partialpeas [ On peak

12 B0 12 & G530
AM AM P PM PM
TIME

Images from: http://www.aquionenergy.com/

Residential and commercial

utility rate structures with
high TOU charges.

Charge when rate is low,
discharge when rate is high

POWER (kW)

Demand Charge Reduction

[ Grig [] satteries

Dischargs Battarias

Commercial utility
structures can have very
high TOU demand charges.
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Configuration Options: DC Connected battery

Inverter Model
o
— DCrAC |
DC/DC ,
————————
PV (WIMPPT) Grid
l———————————
Charge Controller
Model
» —— Rectifier Model
. = Load
[ERT
B O DC/DC
Battery g_ g (WIBMS) - AC/DC -
[a]
e B——
Battery Model

AC Bus

* Previously, only an AC-connected battery was possible in SAM

* The DC-connected option models single point conversion losses in:
* The PV DC power optimizer (DC/DC w/MPPT)
* The DC/DC BMS

* Combined battery and PV DC power go through a common inverter
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DC Connected battery potential pitfalls

T —R

Photovoltaic, Residential ~System Sizing
Location and Resource (7) Specify desired array size @ Specify modules and inverters
Desired array size I:I kWdc Modules per string 7
Module i . ————————————
DC to AC ratio 1.20 Strings in parallel 2
Inverter MNumber of inverters 1

System De sign r Configuration at Reference Conditions

Modules Inverters — n
hadi ds Sizing messages (see Help for details):

Shading and Snow M lat i 4,593 kwd Total i 3800 kW,

9 ameplate capacity ¢ otal capacity e DC to AC ratio of PV only is 1.23. Actual DC =

MNumber of modules 14 Total capacity 3.928 kWdc to AC ratio with DC-connected battery
Losses . . — (common inverter) is 2.95.
Modules per string 7 MNumber of inverters 1
Lifetime Strings in parallel 2 Maximum DC voltage 6000 Vde
Battery Storage Total module area 28 m’ Minimum MPPT voltage 2500 Vdc =
— o Valt d i ti t modul
String Voc 4753 v Maximurm MPPT voltage 480.0 Vde roltage and capacly ratings are 5t module

System Costs String Vmp 4011 v Battery maximum power 6503 kWdc page.

Financial Parameters

 The DC to AC ratio of the PV system does not account for the DC-connected
battery.

* |f you undersize the inverter, discharging the battery during peak PV
production will result in inverter clipping.
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Utility-scale (PPA) bz




Front-of-the-meter storage

Time of Use Optimization
I 5t 207,117 —

Choose a performance model, and then choose from the available financial models.

B oipeax [ Patialpeak [ Onpeak

+ Photovoltaic (detailed) Residential (distributed)
— gy sy Photovoltaic (PV\Watts) Commercial (distributed) f
£ High concentration PV Third party ownership
‘i Wind
E Biomass combustion
Geothermal
Solar water heating
12 B30 12 & 550
A AM PM PM PE .
Generic system LCOE calculator (FCR method) '
TIME CSP parabolic trough (physical) No financial model |

Images from: http://www.aquionenergy.com/

* PPA time-of-use optimization for changing * In SAM, multiple PPA models
PPA sell rates. available

* Charge from PV when rate is low,
discharge when rate is high
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PVWatts Batte




PVWatts Battery

B SAm 2017.1.17 68

File v @Auc D¢

PVWatts, Commercial

System Parameters

Locaton and Resource System nameplate size 199752 K¥Wdc
System Design Module type | Standard -
g - DC to AC ratio 12
ystem COsts
x Rated inverter size 16685 wWac
Lifetime Inverter efficiency % %
inancial Paramater
Financial Paramaters Orientats
Incentives Azimuth Tt Array type | Fixed open rack -
N=0 88 ™ =
Electricity Rates S Ve, ST
7‘;’ - ' /: Azimuth 180 degrees
Electric Load s e Ground coverage ratio 04
5180
Losses
Soiling 2% Connections 05 %
Shading 3 % Lght-induced degradation 15 %
Seow 0 Nameplate 1%
Mismatch 2% Age 0%
Wiring 2% Availability iy
User-specified total system losses 095 %
Total system losses 1408 %
Shadin
g
€dehadinglosies | Editsheding.. | | Open 30 shede coculetor. |
-Curtaliment and Availability

Curtsilment and avadabdity losses
reduce the system output to represent
system outeges or other events.

\ Edit Josses... ‘ Constant boss: 0.0 %
Hourly loszes None
Custom penods: None

Battery Bank
[V Enable battery
Battery capacity 100 kWh Battery chemustry Lthium lon f—|
Battery power 30 kw Battery dizpatch __P:\_;S.hamng 000;—;':6)_']

* Four inputs

— Battery capacity and
power

— Battery chemistry

— Battery dispatch (only
offers automated
controllers).

e Suitable only for high-
level studies of demand
charge reduction
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Automated dispatc




kW

Battery state of charge (%)

Enter custom demand target

I I I I
Jan 01 Jan 02 Jan 03 Jan 04 Jan 05

== Hourly Data: Electricity to load from PV (kW)

== Hourly Data: Electricity to load from battery (KW)

== Hourly Data: Electricity to load from grid [K'W)

== Hourly Data: Electricity grid power target for automated battery dispatch (kW)
== Hourly Data: Battery state of charge (%)

User can specify the
allowed amount of grid
power purchased at
every time step.

The battery control will
then either charge or
discharge the battery
to seek to match that
target.

Offers detailed way for
users to customize
dispatch on time-step
basis.
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Thank youl!

www.nrel.gov

iiNREL

MATIOMAL REMEVWABLE EMERGY LABORATORY

NREL is a national laboratory of the U.S. Department of Energy, Office of Energy Efficiency and Renewable Energy, operated by the Alliance for Sustainable Energy, LLC.




Configuration options: AC Connected battery

Charge Controller Mode|

- ACIDC —————— =

£3
PV E— DCIAC S -4 g Battery

(7]

—| DCIAC -

Bidirectional Inverter
Inverter Model Model Battery Model
. Load
..‘_
Grid
—— -
AC Bus
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